Introduction
Human activities such as grazing, fertilization, intensive agriculture and fossil fuel combustion are 135 changing the inputs to, and losses from, the nitrogen (N) cycle in terrestrial ecosystems globally 136 (Vitousek et al., 1997; Cui et al., 2013) Paralleling the increase of N inputs derived from human activities is an increase in aridity, 147 predicted to increase the total area of drylands (arid, semi-arid and dry-subhumid ecosystems) 148 globally by 10% by the end of this century (Feng & Fu, 2013) . Increasing aridity has been predicted 149 to reduce soil N availability in drylands globally and to reduce the pools of organic N in these 150 ecosystems (Schlesinger et al., 1990 ; Delgado-Baquerizo et al., 2013). These changes are predicted 151 to exacerbate processes leading to land degradation and desertification in drylands, which are 152 estimated to affect more than 250 million people, mostly living in developing countries (Reynolds 153 et al., 2007) . (2001) concluded that in Phoenix, the urban and agricultural components of 165 the ecosystem were an order of magnitude higher than inputs to the desert, increasing the amount of 166 N in soil and groundwater pools and promoting losses to rivers. Similarly, nutrient enrichment 167 derived from human activities has been also observed to locally enhance N mineralization in theSonora desert (Hall et al., 2011) . However, little is known on how the interaction between 169 increasing aridity and human impacts will affect the concentration of available N for plants and 170 microorganisms as well as the dominance of N forms and no study has yet explored these 171 interactive effects on the N cycle in global drylands. 172
173
Drylands form the largest terrestrial biome on Earth and support over 38% of its population 174 (Reynolds et al., 2007; Schimel, 2010) . Nitrogen is, after water, the most important factor limiting 175 net primary production and organic matter decomposition in these areas (Robertson & Groffman, 176 2007; Schlesinger & Bernhardt, 2013) . The N cycle is therefore crucial for ecosystem functioning 177 and the provision of ecosystem services in these areas (Robertson & ii) aridity and human impacts will negatively affect the biological control of the N cycle (e.g., 192
reducing plant cover), resulting in an increasing dominance of inorganic N forms and processes 193 (i.e., mineralization) in dryland soils (Schlesinger et al., 1990) . plant-free areas (10-15 samples were sampled per site, over 2600 samples in total). After field 213 collection, the soil samples were taken to the laboratory, where they were sieved (2 mm mesh), air-214 dried for one month and stored in this condition until laboratory analyses. All the soil analyses in 215 this study were carried out with air-dry samples for logistical reasons. Previous studies have shown 216 that in drylands such as those we studied, air drying and further storage of soils does not 217 appreciably alter the functions of interest in this study (Zornoza et al., 2006 (Zornoza et al., , 2009 . It is also 218 important to note that our sampled soils were collected when the soil was in this dry state. Thus, the 219 potential bias induced by our drying treatment is expected to be minimal. 220
Soil texture was measured in two to three composite samples per site, as preliminary analysis 221 revealed that within-site variability was very low. One composite sample each per microsite (open 222 areas or soil under the canopy of the dominant perennial plants) and site were analyzed for sand, 223 clay and silt content according to Kettler et al., (2001) . Soil pH was measured in all the soil samples 224 with a pH metre, in a 1: 2.5 mass: volume soil and water suspension. We also measured multiple 225 
Assessing human impacts 244
Quantitative estimates of the magnitude of human impacts in natural ecosystems at global scales are 245 difficult to obtain due to the lack of available data and the wide range of processes affected by 246 human activities (e.g., N deposition, grazing, soil erosion), their different spatial scales, and the 247 interactions among them (Beelen et al., 2013). We therefore estimated such impacts indirectly by 248 measuring four variables at each study site: average proximity (in km) to the nearest northern, 249 southern, eastern and western paved roads from each plot, average proximity (in km) to the four 250 nearest towns/cities from each plot, average population of the four nearest towns/cities to each plot 251 in the last census available (number of people; Table S1 ), and population density of the province or 252 region of each plot in the most recent available census (number of people·km -2 ; Table S1 ). Due to 253 the large distances between some of our study sites and the nearest towns/cities, we considered the 254 four closest cities to our plots, as an average value of the local human impact. Distances to nearest 255 roads, urban centres and human population are classic proxies of human perturbation on ecosystem 256 health and services (Schlesinger & Harley, 1992 As the four surrogates of human impacts considered were highly correlated, we conducted a 264 principal component analysis (PCA) to reduce them to independent components. Before conducting 265 the PCA, all the human impact proxies were log-transformed to normalize them. We retained the 266 two first components from the PCA for further analyses. These had an eigenvalue higher than 1, and 267 together explained 80.5% of the variance in the PCA. The first component of the PCA (HC1) was 268 highly related to the average distance to the four nearest towns/cities from each plot (Pearson´s r = 269 0.96), average distance to the nearest northern, southern, eastern and western paved roads from eachplot (Pearson´s r = 0.76) and population density of the province of each plot in the most recent 271 available census (Pearson´s r = 0.71). The HC1 was positively related to other indexes of human 272 influence (Fig. S1a) and footprint (Fig. S1b) . In addition, our HC1 was positively related to 273 estimates of inorganic N deposition (Fig. S2a) , and fertilizer application (Fig. S2b) , and to the 274 amount of N in livestock manure production (Fig. S2c) . Similarly, our HC1 was positively related to 275 the percentage land areas used as cropland (Fig. S3a) and to estimates of soil degradation (Fig.  276 S4a). The second component of the PCA (HC2) was highly related to the average population size of 277 the four nearest towns/cities during the most recent census (Pearson´s r = 0.90). This component 278 was positively related to the previous human influence and footprint indexes (Fig. S1b) . In addition, 279 our HC2 was positively related to estimates of N in manure production (Fig. S2c) , soil degradation 280 (Fig. S4a) and infiltration of water, determined at our study sites ( Table S1 ). 288
Statistical analyses 289
We used structural equation modeling (SEM) to determine the relative importance of human 290 impacts (HC1 and HC2), aridity, pH, sand content, plant cover and the spatial influence (distance 291 from equator and longitude) on the different N variables evaluated. We first established an a priori 292 model (Fig. S5) , based on the known effects and relationships among the drivers of the N cycle 293 (Supplementary Methods S1). Total N, concentrations of ammonium, nitrate and DON, DON:DIN 294 ratios, and pH were log-transformed to improve linearity in the relationships between the variables 295 in our SEM models. Similarly, plant total cover and sand content were square root transformed. We 296 found that all N metrics, sand content and HC1 showed unimodal relationships with aridity. To 297 introduce these second-order polynomial relationships into our SEM model, we calculated the 298 square of aridity and introduced it into our model using a composite variable (Fig. S5) . Similarly, 299 the human impact and spatial influence metrics were also included as composite variables. The use 300 of composite variables does not alter the underlying SEM model, but collapses the effects of 301 multiple conceptually-related variables into a single composite effect, aiding interpretation of model 302 results (Grace, 2006) . We also examined the distributions of all of our endogenous variables (those 303 with arrows pointing to them within the a priori model structure), and tested their normality.
Because some of the variables introduced were not normally distributed, the probability that a path 305 coefficient differs from zero was tested using bootstrap tests 
Results

323
Sand content, pH and total plant cover in our study ranged from 5.36 to 97.94%, 4.13 to 9.21 and 324 2.83 to 82.88% respectively (Table S2) (Table S2) . 328
Aridity was directly and negatively related to soil total N whereas human impacts (HC1 and 329 HC2) were directly positively related to the latter (Fig. 1a) . Interestingly, HC1 was negatively 330 related to aridity (Fig 1; Fig. 2) , however, aridity and HC2 were unrelated (Fig. 2) . Aridity and 331 human impacts, together with sand content, were the most important factors controlling soil total N 332 as shown by the size of their total effects (Fig. 3a) . Moreover, the total (direct plus indirect) effect 333 of distance to towns and roads (HC1) and population size (HC2) showed opposite effects on soil 334 total N (Fig. 3a) . In absolute terms, however, the impact of HC1 was higher than that of HC2, 335 resulting in a net total positive effect of human impacts on this variable (Fig. 3a) . 336
Increases in both aridity and human impacts were associated to decreases in the DON:DIN 337 ratio (Figs. 1b, 2b) , and increases on potential net mineralization rates (Figs. 1c, 2c) . Our differentsurrogates of anthropogenic disturbances (HC1 and HC2) rendered different and opposite 339 relationships with DON and soil nitrate, although both were associated to increasing ammonium 340 concentrations (Fig. 3e) . HC1 showed a positive relationship with the concentrations of DON and 341 soil nitrate whereas HC2 was negatively associated with those N variables. 342
Dry-submid were the dryland ecosystem with the highest positive and negative relationship 343 between HC1 and total N and HC1 and DON:DIN ratio, respectively (Fig. 4) . However, the 344 opposite effect was observed from HC1 on total N in dry-subhumid ecosystems (Fig. S6) . In 345 addition, the dry-submid ecosystems showed the highest positive relationship between HC1 and 346 potential mineralization and nitrate concentration (Fig. 4) . Again, the opposite effect was observed 347 from HC2 on nitrate and mineralization for dry-subhumid ecosystems (Fig. S6) . aridity and human impacts in our models. This is likely derived from the constraints that aridity, and 355 hence shortage in water availability, generally impose on human activities and urban development 356 (Whitford, 2002; Schwinning & Sala, 2004) . In particular, we found a quadratic negative 357 relationship between aridity and HC1. This result suggests that there is a current spatial disconnect 358 between the impacts of aridity, which may favour N losses, and those of human activities, which 359 may favor N accumulation, in different dryland regions (Liu et al., 2012) . Thus, at the global scale, 360 the driest regions will tend to become more N limited, but N enhancement due to human activities 361 in the least arid drylands may counteract any trend towards greater N limitation. In addition, aridity 362 and HC2 were unrelated, suggesting that increasing aridity is related to more scattered urban areas 363 (HC1), but do not population density in general (HC2; Mainguet, 1999) . We stress that the spatial 364 distribution of our plots did not cover areas where this pattern may not hold, such as large, rapidly -365 growing desert urban areas (e.g. Phoenix or Las Vegas in USA; Kane 2014) or semi-arid areas with 366 intensive agricultural activities (e.g. Almería in SE Spain; Aznar-Sánchez & Galdeano-Gómez, 367 2011). We also would like to acknowledge the limitations of the observational approach followed, 368 however we believe that our study provide a good snapshot of the status of N cycle at a global scale, 369 and show from an integrative point of view how interactive effects derived from aridity and human 370 impacts can globally affect N concentrations and dominance of relative N forms. 371
Supporting Information legends 577
Supplementary information can be found in the online version of this article 578
Supplementary Methods S1. Analyzing our structural equation model: rationale for the variables 579 included. 580 Figure S1 . Relationships between our human impacts and previous human impact indices. 581 Figure S2 . Relationships between our human impacts and global inorganic N deposition, N 582 fertilizer application and the N in manure production. 583 Figure S3 . Relationships between our human impacts and global land area used as cropland and 584 pasture. 585 Figure S4 . Relationships between our human impacts and the global human-induced soil 586 degradation, and field assessed infiltration and stability. 587 Figure S5 . A priori generic structural equation model (SEM) used in this study. 588 Figure S6 . Relationships between aridity and our human impacts in this study. 589 Figure S7 . Relationship between ammonium concentration and the potential net nitrification rate. 590 Table S1 . Information about the population data used to estimate human impacts at our study sites. 
